O utcomes after out-of-hospital cardiac arrest are generally believed to be poor. 1, 2 Nevertheless, several studies have shown significant improvements in survival rates after out-of-hospital cardiac arrest during the past 2 decades. [3] [4] [5] In Denmark, multiple national initiatives in the past decade were associated with an ≈3-fold increase in survival at day 30 and 1 year after out-of-hospital cardiac arrest. 3 These markedly improved survival rates call on further research on functional and neurologic outcomes in cardiac arrest survivors.
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Studies on long-term neurologic outcome, including details of functional recovery, are requested in a consensus statement from the American Heart Association, which also focuses on the current scarcity and incomplete follow-up of such data. 6 This document also notes that no single definition of neurologic outcome is available and that outcome assessment is a multimodal approach. 6 Return to work with maintenance of salary indicates a capability to continue to function in society in the same manner as before an event but is sparsely studied after out-of-hospital cardiac arrest. [7] [8] [9] [10] [11] [12] [13] [14] In a study of 133 comatose out-of-hospital cardiac arrest survivors who were treated with therapeutic hypothermia, 74% of patients with favorable discharge cerebral performance category scores had returned to work at 1-year follow-up. 7 In patients surviving stroke, survivors with favorable discharge modified Rankin Scale neurologic outcome scores returned to work faster and to a greater extent than patients with less favorable discharge scores. [15] [16] [17] In addition, among stroke survivors with favorable modified Rankin scores, differences in higher cortical and cognitive function were present and had further significant impacts on return-to-work rates, supporting return to work as a proxy of preserved function without major neurologic deficits. 15 Anoxic brain injury represents a severe damage to the brain caused by insufficient oxygen supply during cardiac arrest, which often leads to limitations in cognitive function and activities of daily living. 2, 18 Despite the 3-fold increase in the survival rates after out-of-hospital cardiac arrest in Denmark, the extent to which survivors return to their prearrest function remains unknown. Therefore, we examined return to work, maintenance of work, and income in a nationwide study including 30-day survivors of out-of-hospital cardiac arrest who were employed up until the incident of cardiac arrest. We further evaluated first-time incidence of anoxic brain damage in the time frame from index hospitalization to 30 days after discharge. We hypothesized that the significant increase in survival rates during the past decade was followed by a concomitant increase in the proportion of patients returning to work.
Methods

Study Setting
This study was conducted from June 1, 2001 , to December 31, 2011 , in Denmark, which covers 43,000 km 2 , including rural, suburban, and urban areas.
The emergency medical service consists of basic life support ambulances staffed with ambulance technicians or paramedics and mobile emergency care units staffed with paramedics, nurses, or anesthesiologists. The mobile emergency care units are dispatched as rendezvous with basic life support ambulances. Throughout the study period, treatment has been given according to the latest guidelines. 19 
Study Population
The national healthcare system of Denmark, including the emergency medical service system, is tax financed, assuring free access to emergency medical service assistance in Denmark and meaning that all Danish citizens in the study period contribute to form the source population. During the study period, the source population increased from 5 355 000 (3 443 533 between 18 and 65 years of age) to 5 581 000 (3 486 982 between 18 and 65 years of age). 20 Patients experiencing out-of-hospital cardiac arrest are included in the national Danish Cardiac Arrest Registry when resuscitation efforts are initiated either by bystanders (with activation of the emergency medical service) or by emergency medical service personnel. Patients with obvious late signs of death (ie, rigor mortis), where resuscitative efforts are not initiated, are not included in the definition of out-of-hospital cardiac arrest. Since the emergency medical service system is activated for all emergencies concerning out-ofhospital cardiac arrest in Denmark and the emergency medical service personnel through contractual commitments are required to fill in a short case report form for the Danish Cardiac Arrest Registry for every out-of-hospital cardiac arrest, case ascertainment is close to complete. An average incidence rate of 57.4 per 100 000 persons per year in the years 2001-2011 was reported previously for the Danish Cardiac Arrest Registry and is comparable to both European and American contemporary data. [21] [22] [23] [24] Because we studied return to work, only 30-day survivors of working age between 18 and 65 years, who were working up until arrest, were relevant for inclusion.
Study Design
This nationwide study uses a register-based follow-up design. From the Danish Cardiac Arrest Registry, we included information on date, time, and year of arrest; the site of arrest (at home versus not at home); whether the collapse was unwitnessed or witnessed either by a bystander or by the emergency medical service; whether the bystander initiated cardiopulmonary resuscitation or defibrillated the patient; the time interval from the emergency call to rhythm analysis by the emergency medical service; whether the first recorded heart rhythm was shockable (pulseless ventricular tachycardia or ventricular fibrillation) or nonshockable (asystole or pulseless electric activity); and whether return of spontaneous circulation was achieved at the time of hospital arrival.
We used the Danish Civil Personal Registration Number unique to each Danish citizen to link information from the Danish Cardiac Arrest Register with other national registries. 25 Data on age, sex, and status of living alone were retrieved from the Civil Personal Registration Registry. 25 The presumed cause of arrest was assessed from the Danish National Patient Register and the Danish Cause of Death Register, using information from death certificates and discharge diagnoses. Patients with cardiac disease, unknown disease, or unexpected collapse were categorized as having a presumed cardiac cause of arrest. Death certificates and discharge diagnoses with other medical disorders (apart from conditions mentioned above) were defined as noncardiac causes.
Employment status was obtained from a registry administered by the Danish National Labor Market Authority and available to the study on a weekly basis for baseline and follow-up assessment until February 24, 2013 . 26 In accordance with the definition of selfsupporting, previously validated with a positive predictive value of 98.2%, patients who were not on any social benefits or on State Education Fund grants, maternity leave pay, or leave-of-absence schemes were classified as working. 26 Accordingly, patients receiving unemployment benefits or sickness leave pay or who were on early retirement payment were defined as being on social benefits. We assessed employment status in a 5-week span before cardiac arrest to classify patients as either working or receiving social benefits. Patients on social benefits at baseline were excluded, and return to work was evaluated in survivors working at baseline only. This 5-week evaluation of employment status was used both at baseline and 1-year follow-up to reduce misclassification; that is, if sick leaves were <3 weeks during the 5-week span, patients were classified as working. 27 Other than evaluating employment status at baseline and 1-year follow-up, we also calculated time to return to work, counting from the day of entry (30 days/4 weeks after arrest) to the first week of employment. For patients returning to work, we further evaluated the duration of maintenance of work. It has been shown previously that a significant proportion of patients with coronary heart disease undergoing percutaneous intervention treatment with return to work have recurrent sick leaves and, thus, return to work alone may not indicate full recovery in all cases. 27 Therefore, we further assessed definitions of maintenance of work in which we allowed for 4 to 12 weeks of work absences after return to work. Further in line with this study, we defined return to work without any sick leave relapse during the first 6 months of employment as our end point for modeling. Thus, for modeling, survivors were followed from day 30 until the end of February 2013 and were censored for death or for not meeting this end point definition during follow-up. To examine whether patients who met this end point definition were able to maintain the same level of income as before arrest, we linked employment data with annual income information, comparing the income level in the year before arrest with the income level in the year after arrest in patients.
Information on education and household and personal income was available on a yearly basis and was attained from the Statistics of Denmark, and we indexed income for 2010. 28, 29 We further linked employment data with industry affiliation information available to the study from the Danish National Labor Market Authority registry on a monthly basis since 2008 to distinguish income based on salary from income based on insurance or other private means of compensation for loss of ability to work.
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To supply the employment outcomes, we assessed the onset of anoxic brain damage in the time frame from index hospitalization to 30 days postdischarge, using information on discharge diagnoses from the Danish National Patient Register. 30 To evaluate first-incident cases only, we intended to exclude patients with anoxic brain damage before arrest; however, no patients were found to have this preexisting condition.
Data on comorbidity, length of hospital stay, and medication use before arrest were retrieved from the Danish National Patient Register and the Danish National Prescription Registry. 30, 31 To obtain the Charlson Comorbidity Index Score, discharge diagnoses and certain medication use were assessed up to 10 years before cardiac arrest.
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Outcomes
Primary outcome was return to work. Secondary outcomes were maintenance of work and salary, as well as new onset of anoxic brain damage after arrest.
Statistical Analyses
We summarized categorical variables using percentages and frequencies and continuous variables using medians and 1st to 3rd quartiles (Q1-Q3) by year of arrest (see Table 1 ). Cumulative incidences for time to return to work and maintenance of work were depicted. For univariable Cox regression analyses, observations with missing data were excluded in the calculations (see Table 2 ). For multivariable Cox regression analyses, missing data were imputed using multiple imputation methods (Multivariate Imputation in Chained Equations). 33 Applying these methods, 10 imputed data sets (complete data sets with observed and imputed values) were constructed using information from all of the patient-and cardiac arrest-related variables in Table 1 . Estimates were then calculated from the imputed data sets and combined using multiply imputed pooled analysis. 33 We further compared results derived from the pooled analyses of imputed data sets to results derived from analyses of sensitivity analysis data sets constructed by replacing missing values in the original data set with the worst, best, or neutral values (worst-best case scenarios). Before imputation, missing data patterns and missing data mechanisms were investigated, and we found no indication of informative missing.
Covariates for our multivariable model were selected before analysis, and we included those we considered most relevant based on current knowledge and literature (sex, age, year of arrest, status of living alone, baseline income and educational levels, Charlson comorbidity score, arrest witnessed by bystander or emergency medical service or not witnessed, bystander cardiopulmonary resuscitation, presumed cardiac cause of arrest, and length of stay in hospital). [3] [4] [5] 34 To explore the role of bystander cardiopulmonary resuscitation, we excluded emergency medical service-witnessed arrest cases from our model. No significant collinearity was found and no further selection was performed. The assumption of proportional hazards was checked by plotting Schoenfeld residuals by time for each covariate, and no time trends were seen. A paired t test was used to test whether survivors who returned to work maintained the same annual individual and household incomes in the year after arrest compared with the year before arrest. A 2-sided P value <0.05 was considered statistically significant. Data management and statistical analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC) and R version 3.0.2 (R Development Core Team).
Ethics
The study was approved by the Danish Data Protection Agency (2007-58-0015, GEH-2014-017, I-Suite-nr 02735). In Denmark, ethical approval is not required for register-based studies. Table 1 .
Results
Patients
Time to Return to Work and Maintenance of Work
The cumulative incidence of patients returning to work (N=610) and patients dying (N=34) during follow-up until the end of February 2013 is shown in Figure 2 ; accordingly, 152 patients did not return to work during follow-up. A total of 76.6% of the survivors (N=610) returned to work in a median time of 4 months (Q1-Q3, 1-19 months).
Maintenance of work was assessed for the 610 survivors who returned to work (see Figure 3 ). These survivors remained employed for a median time of 3 years, when no work absences after return to work were tolerated. When accepting sickness leaves ≤4 and 12 weeks after return to work as ongoing employment, median time to withdrawal from work then increased to 5 years and 11 years, respectively (see Figure 3 ).
Factors Associated With Return to Work
Among the 610 patients returning to work, the proportion of patients maintaining work without recurrent work absences †Educational level is as follows: group 1 includes educational level of the International Standard Classification of Education (ISCED) 0-2 (preprimary, primary, and lower secondary education); group 2 includes ISCED 3+5 (ISCED 4 does not exist in Denmark; high school or vocational education and short-cycle tertiary education); and group 3 includes ISCED 6-8 (median-length tertiary education, bachelor, master, and PhD degrees).
‡Data include the time interval from recognition of arrest (time of emergency call) to rhythm analysis by emergency medical service. §Data are among the 610 patients who returned to work. Table 2 ). In multivariable Cox regression analysis, arrest in 2006-2011 versus 2001-2005 , age between 18 and 49 versus 50 and 65 years, male sex, high household income and high educational levels, and bystander-and emergency medical service-witnessed arrests were significantly associated with sustainable return to work (see Figure 4) . Excluding emergency medical service-witnessed arrest cases from our model introduced bystander cardiopulmonary resuscitation as a significant factor associated with sustainable return to work (see Figure 5 ). We performed a number of sensitivity analyses. Findings from analyses shown in Figures 4 and 5 using imputed data were not substantially different from analyses, in which cases with missing data were excluded (see Tables I and II in the online-only Data Supplement). Because patients were included until December 31, 2011, and follow-up time ended on February 24, 2013, we may have underestimated the number of survivors returning to work in the end of our study period. Therefore, because all of the patients had at least 1 year of follow-up time, we also assessed return to work in the prespecified 5-week span around 1-year follow-up, in which 465 patients were working and 331 patients were not, of which 22 had died (see Table 1 ). No substantial differences were seen between findings from univariable and multivariable logistic regression analyses of these patients and univariable and multivariable Cox regression analyses shown in Table 2 and Figures 4 and 5 (see Tables III and V 
Maintenance of Salary
Data on income was available to the study on a yearly basis. Postarrest individual and household income levels were comparable with the corresponding prearrest amounts among the 455 survivors returning to work without sick leave relapse in the first 6 months of employment. 
Discussion
This nationwide study demonstrates that the tripling in survival rates associated with multiple national initiatives to enhance survival in Denmark in the past decade was accompanied by a substantially increased proportion of patients returning to work with maintenance of salary. More than 75% of the studied patients returned to work, and these patients maintained their work status for a long time onward. In tandem with the increase in the rate of return to work, a significant decline in the proportions of patients with onset of anoxic brain damage after arrest was observed, supporting return to work as a proxy of preserved capability to work without major neurologic deficits. In previous studies of return to work after out-of-hospital cardiac arrest, return to work rates varied between 15% and 79%. [7] [8] [9] [10] [11] [12] [13] [14] In line with studies of favorable return-to-work rates, we report an overall return to work rate of 76.6% and a 1-year status of 58.4%. Our median time of 4 months from day 30 after arrest to return to work is also in line with previous median return-to-work times of ≈6 months after out-of-hospital cardiac arrest. 11, 12 Previous studies on return to work after out-of-hospital cardiac arrest were limited to small subgroups of patients, with descriptive statistics or univariable analyses only. [7] [8] [9] [10] [11] [12] [13] [14] Our study is the first of its kind to examine factors associated with return to work in multivariable-adjusted analyses. The impacts of bystander-and emergency medical servicewitnessed arrest on return to work likely reflect the beneficial effect of early resuscitative efforts, as seen in other studies. 3, 4 Benefit from early resuscitative efforts is further supported by the association of bystander cardiopulmonary resuscitation and return to work, when emergency medical service-witnessed arrests were excluded. During the past decade, multiple nationwide initiatives taken in Denmark were associated with a doubling in bystander cardiopulmonary rates and a tripling in survival rates after out-of-hospital cardiac arrest. 3 These initiatives include widespread cardiopulmonary resuscitation training, along with implementation of resuscitation guideline changes in 2005 onward, stressing the importance of chest compressions in resuscitative efforts. 3, 19 Furthermore, mobile emergency care units staffed with anesthesiologists or paramedics increased during the study period, and healthcare professionals at dispatch centers began providing telephone-assisted instructions to bystanders from 2009. Throughout the study period, there was a substantial increase in the number of automated external Figure 3 . Maintenance of work after return to work after out-of-hospital cardiac arrest. Data show the duration of maintenance of work counting from the week of return to work (for the 610 survivors who returned to work) and followed until February 24, 2013. Vertical axis, cumulative incidence (%). Horizontal axis, time (years). The color black depicts a median rate of 3 years of time to withdrawal from work when no short sickness leaves were tolerated as ongoing employment; the color red depicts a median rate of 5 years to withdrawal, when sickness leaves of ≤4 weeks after return to work were not regarded as withdrawal from work; and the color blue depicts a median of 11 years to withdrawal, when sickness leaves ≤12 weeks after return to work were not categorized as withdrawal from work. 3 Although these observational data cannot conclude which factors have contributed most to the changes observed, our findings suggest that the sum of national initiatives taken to improve cardiac arrest management not only improved survival but also increased return-to-work rates over time. Lastly, the associations of high educational and income levels and return to work may reflect easier return to white-versus blue-collar jobs, as seen in stroke survivors, with potential implications for return-to-work intervention programs, but deserves further study.
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Limitations
Using nationwide registries, we minimized the risk of selection bias attributed to geographic differences in patient-and cardiac arrest-related characteristics. Furthermore, the unique Civil Personal Registration Number given to each Danish citizen allowing linkage between medical data and follow-up registries resulted in an extremely low lost-to-follow-up rate. Nonetheless, the study had some limitations.
First, because of the observational study design, results are associations and may not be causal.
Second, a number of patients had missing data. However, results of multivariable analyses with missing data excluded did not substantially differ from results based on pooled analyses of imputed data sets. Thus, missing data were unlikely to have influenced our main conclusions. Third, since our study outcome was return to work, only 30-day survivors of working age who were working before arrest were relevant to the study. However, the concomitant decline in anoxic brain damage found in this study was also seen in a study of all nonemergency medical service-witnessed out-of-hospital cardiac arrest survivors of presumed cardiac cause in Denmark during 2001-2010. 3 Extrapolation of our data to account for improvement in function in all survivors in Denmark during the past decade may therefore be justified but remains to be further explored.
Fourth, employment status could be subject to misclassification. 26, 27 However, the high positive predictive value of being registered as self-supporting in the employment registry, together with the applied 5-week spans to evaluate employment status at baseline and for 1-year follow-up, the sustainable return-to-work definition for modeling, and subsequent linkages to income and industry affiliation minimized potential misclassification. Few of the studied patients who were registered as having returned to work (8.3%) did not have industry affiliation, which either indicates a missing data problem in industry affiliation codes or that these patients did not return to work but supported themselves by worker's compensation. On the contrary, we may also have underestimated true favorable outcome. It is not unlikely that a number of patients close to the public retirement age of 65 years never returned to work or retired soon after return to work because of eligibility of regular retirement on the basis of age and not necessarily poor function. Furthermore, in the beginning of the study period, the economy in Denmark was booming and, in the end, a recession had begun, with a possible effect on the number of jobs available and the number of patients returning to work. Lastly, since patients were included until December 31, 2011, and follow-up time ended on February 24, 2013, we likely underestimated the number of survivors returning to work in the end of our study period. Nevertheless, the proportion of patients returning to work was significantly higher late in the study period compared with early in the period.
Fifth, although its sensitivity is unknown, we cannot think of any reasons that would lead to inequality in coding and reporting of anoxic brain injury to the Danish National Patient Registry over time. Moreover, because it is a discharge diagnosis given by a neurologist, its specificity approximates 100%. Patients with minor cerebral dysfunction were potentially not referred to a neurologist and may therefore not be captured by this diagnosis. Regardless of minor cerebral dysfunction, return to work with maintenance of salary stands as a unique favorable outcome measure indicating the capability to continue to function in society in the same manner as before an event. The decline in survivors diagnosed with anoxic brain injury concurrent with the increase in return-to-work rate supports this notion.
In conclusion, the tripling in the number of out-of-hospital cardiac arrest survivors during the past decade in Denmark was accompanied by a significant increase in the proportion of patients returning to work with maintenance of salary and a significant decrease in new onset of anoxic brain damage. Approximately three fourths of the studied patients returned to work with a subsequent long duration of maintenance of work. The concurrent decline in the proportion of survivors diagnosed with anoxic brain injury, along with the increase in the return-to-work rate, supports return to work as a proxy of preserved capability to work without major neurologic deficits. Figure 1 . Multivariable logistic regression model of return to work one year after cardiac arrest.
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